Information on the distribution of marine organisms is essential for the conservation and management of resources but is limited by the vast and inaccessible oceanic environment [S1-S3]. In the present case, acquiring information is further hampered due to minimal data for the area prior to the spill and the necessarily strict confidentiality of data collected during the spill as it relates to ongoing litigation [S4]. We circumnavigate the paucity of in situ data by applying a novel and widely-applicable method that derives the number and sources of pelagic organisms across any area and time of interest by coupling transport predictions within an ocean circulation model and demographic data. Here, we describe this approach to quantify the number of surfacepelagic stage (also known as oceanic-stage) sea turtles and their source populations in the immediate vicinity of the spill site.
dead in Florida on October 30, http://www.nmfs.noaa.gov/pr/health/oilspill/turtles.htm). Had we extended our simulations later into 2010 it is conceivable that we would have detected the presence of young-of-the-year turtles from the 2010 cohort. (In our present analysis, however, none of this age class were predicted to be at the spill site.)
The early years of most sea turtle species are characterized by an oceanic stage of dispersal via ocean currents [S1] . Transport from sea turtle nesting beaches to the site of the Deepwater Horizon oil spill was thus estimated using hindcast output from the Global Hybrid Coordinate Ocean Model (HYCOM). HYCOM output is a daily snapshot of surface velocity at a spatial resolution of 0.08° (approximately 6-9 km grid spacing), HYCOM assimilates satellite and in situ measurements of ocean velocity and temperature and is widely used to generate realistic estimates of ocean transport [S5,S6] . Dispersal simulations were performed with ICHTHYOP v. 2 particle tracking software [S7] . We released 1000 virtual particles each day from March 30 to August 31, 2010 (a total of 154,000 particles). Particles were randomly released across a polygon within the oil spill site that was defined using publicly available charts from the NOAA Environmental Response Management Application (ERMA) (http://gomex.erma.noaa.gov/erma.html). For simplicity, and to be conservative with respect to our estimate, the polygon used was smaller than the total extent of surface oil with vertices at 29. 2°N, 90.8°W; 27.51°N, 88.53°W; 30.08°N, 85.0°W; 30.9°N, 88 .0°W. Particles were released in the surface layer of HYCOM in water depths greater than 30 m (Fig. 1a) . For advection of particles, ICHTHYOP implemented a Runge-Kutta 4th order time-stepping method whereby a particle's "previous" position was calculated at half-hour intervals for a total of 5 years. To simulate sub-grid scale turbulent processes, horizontal dispersion was also included in the advection process [S7] . Thus, ICHTHYOP's backtracking routine determined where a particle came from to reach its final location at the spill site.
We qualitatively compared transport predictions to Lagrangian drifter data from the Global Drifter Program (http://www.aoml.noaa.gov/). In particular, we were interested in whether there was empirical evidence for oceanic connectivity between distant sea turtle nesting beaches and the Deepwater Horizon oil spill site. We identified drifters in the AOML drifter database that reached the Gulf of Mexico (north of 18°N, west of 80°W) from deployment sites east of 50°W within less than 2 years during the years 2003-2013.
Estimating Turtles Encountering the Oil Spill Site
In backtracking simulations, ICHTHYOP recorded the number of particles released from the spill site that passed within the vicinity (~50 km) of major sea turtle nesting beaches throughout the Atlantic Basin (24 green, 8 loggerhead, and 4 Kemp's ridley nesting beaches).
The number of particles entering each nesting area was divided by the total number of particles entering all nesting areas. Following the methods of , the results of the particle-tracking experiments were weighted by nesting beach population size (in this case, number of hatchlings produced). These computations were performed at yearly intervals to assess the proportion of juvenile turtles (0 -2 years for Kemp's ridley, 0 -5 years for green and loggerhead) entering the spill site from each population and cohort (age class). Nesting beaches To estimate the number of juvenile turtles that entered the oil spill site, we further examined transport predictions from the nesting beaches that were identified as contributing the largest number of turtles to the spill site for each species and cohort. In these simulations, we released 1000 virtual particles per day in the vicinity of the nesting beach during the 75 days of peak hatchling emergence. Particles were tracked forwards through time and the percentage entering the spill site between March 30, 2010 and August 31, 2010 was recorded. This allowed for the calculation of the number of turtles from the focal population at the spill site:
Where H is the number of hatchlings produced by the focal population, F is the percentage of forward-tracked particles arriving to the spill site, So is annual percent oceanic survival, and Y is the age class of animals (i.e., the number of years at sea). Multiplied together they produce, Tf, the number of individuals of a given cohort from the focal population at the spill site.
Upon obtaining the number of individuals for a single population we quantified the number of individuals arriving from each of the other (non-focal) populations by applying the following relationship:
Where Tf is the number of individuals at the spill site of a given cohort from the focal population, Bf is the relative proportion of particles arriving to the spill site from the focal population that was estimated from backtracking simulations, and Bn is the relative proportion of particles arriving to the spill from the non-focal population that was estimated from backtracking simulations. This yields Tn, the number of individuals of a given cohort from the non-focal population at the spill site.
From these equations we calculated the number of turtles at the spill site from each species, population, and cohort (age-class). This allowed us to quantify the number of turtles predicted to be from each country and its relative contribution to turtles at the spill site. Further, we computed the percentage of the total number of turtles from a given population and cohort that were still alive at the end of the simulation. For example, a population predicted to have 2 turtles at the spill site out of 1000 surviving turtles would have 0.2% of its population at the spill site, whereas a population predicted to have 2 turtles at the spill site out of 10 surviving turtles would have 20% of its population at the spill site.
Demographic parameters
Estimates of population size were based on hatchling production, as this is the most relevant metric for our analyses of oceanic-stage turtle transport to the oil spill. We had a hierarchy of four tiers for setting the initial population size: (1) direct counts of hatchlings released from the nesting beach, (2) annual counts of nests from the nesting beach, (3) female population size reported in the latest status review of the green sea turtle [S8] , and (4) nest counts reported in the State of the World's Sea Turtles (SWOT) Reports, volumes 2, 5, and 6 [S9-S11].
The best data were available for Kemp's ridley beaches where hatchlings released in Tamaulipas, Mexico [S12] and Texas, USA [S13] and nests deposited in Veracruz, Mexico [S14] have been made available on an annual basis. Thus, annual variability in hatchling production could be factored in to analyses for this species. This was rarely the case for green and loggerhead turtles, thus where a time series of data was available for these species we simply averaged the values between 2010 and 2006, the most relevant time period. For green turtle beaches with data from the 2015 status review [S8] , we used the following equation to calculate the number of nests:
Where Pf is the female population size, R is the remigration interval (years between nesting), Cfreq. is clutch frequency (the number of nests deposited per year by an individual) and N is the number of nests deposited. If a given population did not have an estimated remigration interval or clutch frequency the mean values of 2.5 years and 3 nests per year were used [S12] .
For both the number of nests calculated [S8] and nest counts directly reported [S9-S11,S14], we 
Comparison to estimates of abundance from in-water surveys
A draft of a technical report titled "Estimating degree of oiling of sea turtles and surface habitat during the Deepwater Horizon oil spill: implications for injury quantification" was published on September 3, 2015 (https://pub-dwhdatadiver.orr.noaa.gov/dwh-ardocuments/894/DWH-AR0279127.pdf ) [S29] . Wallace et al. [S29] extrapolate data collected during in-water sea turtle rescue operations to estimate the total number of turtles in the vicinity of the spill site by species (Kemp's ridley loggerhead, green, hawksbill, and unidentified). They further estimate to what extent the turtles present would have been directly exposed to oil and died. Our interest was in the total number of Kemp's ridley, loggerhead, and green turtles in the area, as this is what our model was designed to predict. We took data from Table 3 (p. 35) to compare predictions from the model described above. Additionally, we took data from and Table   4 (p. 36) for age 3 year Kemp's ridley turtles to add to total of oceanic juveniles for comparison to the simulations described below (in which ages 0-3 years were modeled).
Simulating "Retentive Behavior" in Kemp's Ridley Turtles
In comparison to in-water estimates of abundance [S29] , predictions from the model described above agreed reasonably well for green and loggerhead turtles. However, the Kemp's ridley estimates differed by 2 orders of magnitude. This major discrepancy suggest that either,
(1) the model, as parameterized above, is inadequate to estimate the in-water abundance of Kemp's ridley in the northern Gulf of Mexico or (2) the in-water estimates for Kemp's ridley are wrong. The second possibility is outside of the scope of this paper, though certainly a number of un-tested assumptions go into extrapolating in-water count data to regional abundance [S29] . In any case, the two major sources of uncertainty in our model are oceanic-stage survival and swimming behavior in turtles. However, given that even calculating abundance with the highest value of annual survival (94%) did not appreciably improve agreement between model predictions and [S29] , we decided to examine whether incorporating simple modifications to account for the behavior of juvenile Kemp's ridley within the simulations would yield better agreement between approaches.
Though data on the swimming behavior of oceanic-stage turtles is very limited, a recently published study tracking oceanic-stage Kemp's ridley (and green) turtles in the eastern Gulf of Mexico provides valuable clues. The study was designed to extract swimming behavior from the tracks of oceanic-stage turtles and clearly showed that directed swimming played an important role in the net movement of both species [S30] . The swimming orientation of green turtles suggested many transited relatively quickly through this region, whereas orientation of Kemp's ridley turtles appeared to promote their retention within the northeastern Gulf of Mexico. We therefore incorporated the "retentive behavior" of Kemp's ridley turtles in another set of forward-tracking simulations. Modeling such behavior could be done in several ways [e.g., S31-S33] , in this instance, we opted for a simplistic approach.
We forward-tracked 9000 particles from the 3 major Kemp's ridley nesting regions (Tamaulipas, Mexico; Veracruz, Mexico; Texas, USA) during the 3 months of hatchling emergence (June, July, and August), assuming a 48 h "frenzy period" during which turtles swam offshore at 0.25 m/s followed by 2 years of passive drift [S34] . Simulations were performed for the 2007, 2008, 2009 , and 2010 cohorts within hindcast output from the Gulf of Mexico HYCOM. Like Global HYCOM, Gulf of Mexico HYCOM has a daily snapshot of surface velocity but is at finer a resolution of 0.04° rather than 0.08° [S34] . The number of turtles from each region was calculated for each cohort following equation {1}, above, using the number of hatchlings released in a given year and the median, minimum, and maximum oceanic-stage survival values. Turtles from the 2007 cohort (not yet 3 years old at the time of the spill) were included in these simulations to account for uncertainty as to when the transition from surfacepelagic to nearshore habitats occurs. For this cohort, particles stopped moving after the second year and third-year survival was set to 50% [S22] . To depict likely "retentive behavior" [9], any particle that entered the previously-defined spill area prior to August 31, 2010 was assumed to remain there (though still subject to survival rates described previously). Separately, we counted particles that crossed north of 28°N between the western edge of Louisiana and the Florida panhandle prior to August 31, 2010 to test, at a regional-scale, whether the model of "retentive behavior" was consistent with in-water estimates of Kemp's ridley abundance. These values were divided by the total number of particles released in a given year (9000) to generate the probability of transport from each beach to these areas (F in equation {1}).
Caveats and Qualifications
There are limitations to our modeling approach that arise due to uncertainty in turtle demographics and behavior. In all cases, however, we attempted to make assumptions conservative with respect to the number of turtles predicted to be in the vicinity of the spill site.
For instance, we only considered input to the spill area from major nesting sites with consistently reported nest counts. Excluding minor and poorly known nesting sites results in lower estimates of turtles at the spill. Additionally, dispersal simulations were based only on surface currents due to the uncertainty of orientation behavior in different turtle populations. Inclusion of directed swimming might considerably increase our estimate of turtles at the spill site. When swimming has been simulated in populations where data on such behavior are available (e.g., the offshore swimming "frenzy" of hatchlings [S35] and inherited magnetic navigation instructions that guide turtles' transoceanic migrations [S36]), it greatly increases the proportion of the population that arrive at distant, productive foraging grounds (with environmental characteristics similar to those at the spill site), by orienting into ocean currents that facilitate such transport [S31,S32] .
Likewise, these behavior increase survival by reducing the probability of remaining in or encountering nearshore waters where predation risk is highest [S31,S32] .
Regardless, our approach brackets a range of possibilities that would otherwise be unknown. Thus, despite some limitations, this method of coupling transport predictions with demographic data provides a broadly-applicable tool to derive the number and sources of pelagic organisms within any area and over any recent period of interest (associated, for instance, with an oil spill, a fishery, or the proposed location of marine energy development). Furthermore, the methods can be easily modified to take advantage of additional information that is available for particular species or populations (e.g., diving behavior, oriented swimming, and duration of pelagic phase). This simple approach will be invaluable to researchers assessing the populationlevel impacts of anthropogenic disturbances and conducting damage assessments. Digital Repository (http://dx.doi.org/10.5061/dryad.16q70) .
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Description of Supplemental Excel Tables Deposited in the Dryad
Note: tab names are italicized prior to the description of the table. Table S1 . Connectivity. Table listing hatchling abundance, by species, for each nesting area and connectivity between those areas and the spill site. Percentage of particles backtracked from the spill site arriving from each of the nesting areas of green, loggerhead, and Kemp's ridley turtles within a given year, scaled relative to the number of particles that encountered any nesting area during that same period. Table S2 . Literature-Survival. Table of data used for estimating clutch size (number of eggs per nest), clutch survival, and oceanic survival. Table S3 . Green (number). The number of each age class of surface-pelagic green turtles from each of the twenty-four nesting areas estimated to be at the spill site based on median, maximum, and minimum estimates of oceanic survival. Table S4 . Loggerhead (number). The number of each age class of surface-pelagic loggerhead turtles from each of the eight nesting areas estimated to be at the spill site based on median, maximum, and minimum estimates oceanic survival. Table S5 . Kemp's ridley (number). The number of each age class of surface-pelagic Kemp's ridley turtles from each of the four nesting areas estimated to be at the spill site based on median, maximum, and minimum estimates of oceanic survival. Table includes results for passive drift "retentive behavior" simulations. Table S6 . Green (percent). The percentage of survivors of each age class of oceanic-stage green turtles from each nesting area estimated to be at the spill site. Table S7 . Loggerhead (percent). The percentage of survivors of each age class of oceanic-stage loggerhead turtles from each nesting area estimated to be at the spill. Table S8 . Kemp's ridley (percent) . The percentage of the total survivors of each age class of surface-pelagic Kemp's ridley turtles from each nesting area estimated to be at the spill site.
Table includes results for passive drift "retentive behavior" simulations.
